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increase in the lift force is required.
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WORK VEHICLE AND WORK VEHICLE
CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2010-048986 filed on Mar. 5, 2010, the disclosure
of which is hereby incorporated herein by reference in its
entirety.

TECHNICAL FIELD

The present invention relates to a work vehicle and a work
vehicle control method.

BACKGROUND ART

In a wheel loader or other automatic work vehicle, traction
force (travel drive force) and work implement drive force are
obtained from an engine as a shared drive source. For
example, traction force is obtained from a so-called HST
hydraulic travel device or via a torque converter. The work
implement drive force is obtained via hydraulic pump driven
by the engine.

In such a work vehicle, there are many cases in general
practice in which travel, loading, and other work are carried
out simultaneously, and it is important to distribute the output
of the engine with good balance to travel and to the work
implement. For example, in excavation, the vehicle is made to
move forward to thereby press the work implement into a
mound of soil, and the work implement 3 is raised. Soil is
thereby scooped into the work implement. Therefore, it is
important to balance the traction force for causing the vehicle
to travel and the lift force as a work implement drive force for
raising the work implement (see FIG. 14(a)). However, skill
is required in order to operate the vehicle so as to capably
obtain this balance. For example, when an inexperienced
operator excessively depresses the accelerator and presses the
work implement into the soil during excavation, the vehicle
cannot move forward and comes to a stop. In this state, the
traction force of the vehicle is excessively high and the lift
force is reduced (see FI1G. 14(b)). For this reason, the work
implement cannot rise even when the work implement opera-
tion member is maximally operated. In such a state, the
hydraulic circuit for feeding hydraulic fluid from the hydrau-
lic pump to the work implement enters a relief state in order
to protect the hydraulic pump. In this stalled state in which the
vehicle has stopped moving, the engine output continues to be
high and fuel consumption (amount of consumed fuel) is
therefore increased.

In view of the above, a technique for suppressing the
increase in fuel consumption has been proposed for when the
vehicle is in a stalled state as described above. For example,
the actuation speed of the work implement is detected in the
technique disclosed in Japanese Laid-open Patent Applica-
tion No. 5-106243. The engine speed is reduced until the
actuation speed reaches a predetermined value when the
vehicle is in a stalled state.

SUMMARY

However, the above-described prior art is control by which
the engine speed is reduced after the vehicle has entered a
stalled state. Accordingly, the prior art does not inhibit the
vehicle from entering a stalled state in advance. Therefore, in
the case of an inexperienced operator, the vehicle is readily
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made to stall and the engine speed is reduced on each occa-
sion. Accordingly, ease of operation is liable to be reduced.
An objective of the present invention is to provide a work
vehicle and a work vehicle control method that can improve
fuel consumption and suppress a reduction in ease of opera-
tion.

The work vehicle according to a first aspect of the present
invention comprises a drive source, a travel device, a hydrau-
lic pump, a work implement, traction force detector, a lift
force detector, and a controller. The travel device causes the
vehicle to travel by a drive force from the drive source. The
hydraulic pump is driven by a drive force from the drive
source. The work implement is driven by hydraulic fluid from
the hydraulic pump. The traction force detector detects a
traction force of the vehicle. The lift force detector detects a
lift force for raising the work implement. The controller com-
pares a predetermined threshold and a ratio of the lift force
and the traction force. The controller executes traction force
reduction control for reducing traction force in the case that
an increase in the lift force is required.

In this work vehicle, a predetermined threshold and the
ratio between the lift force and the traction force are com-
pared, and traction force reduction control for reducing trac-
tion force is executed in the case that an increase in the lift
force is required. The balance between the traction force and
the lift force during work can be suitably adjusted prior to the
vehicle entering a stalled state. Accordingly, the vehicle can
be inhibited from entering a stalled state even in the case that
an inexperienced operator operates the work vehicle. Fuel
consumption can thereby be improved and a reduction in ease
of operation can be inhibited.

The work vehicle according to a second aspect of the
present invention is the work vehicle according to the first
aspect, wherein the ratio is a ratio of the traction force with
respect to the lift force. The controller reduces the traction
force when the ratio is greater than the predetermined thresh-
old in the traction force reduction control.

In this work vehicle, the ratio of the traction force with
respect to the lift force is compared with a predetermined
threshold, and the traction force is reduced when the ratio is
greater than the predetermined threshold. For this reason,
when the ratio has become greater than a predetermined
threshold, the traction force is reduced so that the ratio
becomes equal to or less than the predetermined threshold.
The balance between the traction force and the lift force
during work can be suitably adjusted prior to the vehicle
entering a stalled state.

The work vehicle according to a third aspect of the present
invention is the work vehicle according to the first aspect,
wherein the ratio is a ratio of the lift force with respect to the
traction force. The controller reduces the traction force when
the ratio is less than the predetermined threshold in the trac-
tion force reduction control.

In this work vehicle, the ratio of the lift force with respect
to the traction force is computed in traction force reduction
control, and the traction force is reduced when the ratio is less
than a predetermined threshold. For this reason, the traction
force is reduced so that the ratio becomes equal to or greater
than the predetermined threshold when the ratio has become
less than the predetermined threshold. The balance between
the traction force and the lift force during work can thereby be
suitably adjusted prior to the vehicle entering a stalled state.

The work vehicle according to a fourth aspect of the
present invention is the work vehicle according to the first
aspect, further comprising a work implement operation mem-
ber and a work implement operation detector. The work
implement operation member is a member for operating the
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work implement. The work implement operation detector
detects the amount of operation of the work implement opera-
tion member. The controller changes the predetermined
threshold in accordance with the amount of operation of the
work implement operation member.

In this work vehicle, the predetermined threshold is
changed in accordance with the amount of operation of the
work implement operation member, and it is therefore pos-
sible to inhibit the vehicle from entering a stalled state while
the intent of the operator is reflected in the control of the
traction force.

The work vehicle according to a fifth aspect of the present
invention is the work vehicle according to the first aspect,
further comprising a work implement attitude detector for
detecting an attitude of the work implement. The controller
changes the predetermined threshold in accordance with the
attitude of the work implement.

In this work vehicle, the predetermined threshold is
changes in accordance with the attitude of the work imple-
ment, and it is therefore possible to inhibit the vehicle from
entering a stalled state while the actual condition of the work
implement is reflected in the control of the traction force.

The work vehicle according to a sixth aspect of the present
invention is the work vehicle according to the first aspect,
wherein the controller determines whether the work phase of
the vehicle is excavation from the state of actuation of the
travel device and the work implement. Also, the controller
executes the traction force reduction control when the work
phase of the vehicle is determined to be excavation.

In this work vehicle, traction force reduction control is
executed in the case that the work phase of the vehicle is
excavation. Accordingly, it is possible to inhibit the vehicle
from entering a stalled state during excavation in which a
particularly high load is imposed on the vehicle.

The work vehicle according to a seventh aspect of the
present invention is the work vehicle according to the first
aspect, further comprising: an accelerator operation member
operated by an operator; and an accelerator operation detector
for detecting an amount of operation of the accelerator opera-
tion member. The controller does not execute the traction
force reduction control when the amount of operation of the
accelerator operation member is less than a predetermined
operation amount threshold.

In this work vehicle, traction force reduction control is not
executed when the amount of operation of the acceleration
operation member is less than a predetermined operation
amount threshold. When the amount of operation ofthe accel-
erator operation member is low, the traction force is unlikely
to become excessively high in relation to the lift force. There-
fore, it is possible to inhibit the traction force from being
unnecessarily reduced in a state in which the vehicle will not
readily enter a stalled state.

The work vehicle according to an eighth aspect of the
present invention is the work vehicle according to the first
aspect, further comprising a vehicle speed detector for detect-
ing vehicle speed. The controller does not execute the traction
force reduction control when the vehicle speed is greater than
a predetermined speed threshold.

In this work vehicle, traction force reduction control is not
executed when the vehicle speed is greater than a predeter-
mined vehicle speed threshold. Accordingly, it is possible to
inhibit a reduction in travel ability during travel in which
greater drive force is required by the travel device than the
work implement.

The work vehicle according to a ninth aspect of the present
invention is the work vehicle according to the first aspect,
further comprising a height position detector for detecting a
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height position of the work implement. The controller does
not execute the traction force reduction control when the
height position of the work implement is greater than a pre-
determined height threshold.

In this work vehicle, traction force reduction control is not
executed when the height position of the work implement is
greater than a predetermined height threshold. Accordingly,
the traction force is not reduced in a state in which the work
implement is lifted to a certain height and readily dislodged
from a mound of soil. It is thereby possible to inhibit an
unnecessary reduction in the traction force.

The work vehicle according to a tenth aspect of the present
invention is the work vehicle according to the any of the first
to ninth aspects, wherein the controller determines whether
the hydraulic pump is in a stalled state. When the hydraulic
pump is in a stalled state, the controller reduces the traction
force so that the traction force assumes a fixed target value
that is less than a target value for when the traction force is not
reduced.

Inthis work vehicle, the traction force is uniformly reduced
to a fixed target value that is less than a target value of when
the traction force is not reduced. The vehicle can thereby
rapidly escape from a stalled state when the vehicle has
entered a stalled state.

The work vehicle according to an eleventh aspect of the
present invention is the work vehicle according to the any of
the first to ninth aspects, wherein the controller determines
whether the hydraulic pump is in a stalled state. The controller
does not reduce the traction force when the hydraulic pump is
not in a stalled state and the work implement operation mem-
ber is in a non-operation state.

In the work vehicle, the traction force is not reduced when
the hydraulic pump is not in a stalled state and the work
implement operation member is in a non-operation state.
Accordingly, it is possible to inhibit an unnecessary reduction
in traction force when hydraulic pump is not in a stalled state
and the operator has no intention to actuate the work imple-
ment.

The work vehicle according to a twelfth aspect of the
present invention is the work vehicle according to the fourth
aspect, wherein the predetermined threshold is set so that the
traction force decreases in correspondence with an increase in
the amount of operation of the work implement operation
member for raising the work implement.

In this work vehicle, the predetermined threshold is set so
that the traction force is reduced as the amount of operation of
the work implement operation member is increased. Accord-
ingly, the traction force is reduced so that the lift force is
increased as the operator increases the operation of the work
implement operation member. Therefore, the intent of the
operator can be reflected in the adjustment of the traction
force and the lift force.

The work vehicle according to a thirteenth aspect of the
present invention is the work vehicle according to the fifth
aspect, wherein the work implement attitude detector detects
a height position of the work implement. The predetermined
threshold is set so that the traction force increases in corre-
spondence with an increase in the height position of the work
implement.

In this work vehicle, the fraction force is increased as the
height position of the work implement is increased in traction
force reduction control. For example, in excavation work, the
amount that the lift force is reduced due to the traction force
is lessened as the height position of the work implement is
increased. Therefore, the vehicle is unlikely to enter a stalled
state even when the traction force is increased as the height
position of the work implement is increased. Also, excavation
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performance can be improved by increasing the traction force
in a state in which the vehicle is unlikely to enter a stalled
state.

The method for controlling a work vehicle according to a
14th aspect of the present invention is a method for control-
ling a work vehicle comprising: a drive source; a travel device
for causing a vehicle to travel by a drive force from the drive
source; a hydraulic pump driven by the drive force from the
drive source; and a work implement driven by hydraulic fluid
from the hydraulic pump. The method for controlling a work
vehicle comprises the following steps: a step for detecting
traction force of the vehicle; a step for detecting lift force for
raising the work implement; a step for comparing a predeter-
mined threshold and a ratio between the lift force and the
traction force; and a step for executing traction force reduc-
tion control for reducing traction force in a case where an
increase in lift force is required.

In this method for controlling a work vehicle, a predeter-
mined threshold and the ratio between the lift force and the
traction force are compared, and traction force reduction con-
trol for reducing traction force is executed in the case that an
increase in lift force is required. The balance between the
traction force and the lift force during work can be suitably
adjusted prior to the vehicle entering a stalled state. Accord-
ingly, the vehicle can be inhibited from entering a stalled state
even in the case that an inexperienced operator operates the
work vehicle. Fuel consumption can thereby be improved and
a reduction in ease of operation can be inhibited.

In accordance with the present invention, it is possible to
improve fuel consumption and to inhibit a reduction of ease of
operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a work vehicle according to an
embodiment of the present invention;

FIG. 2 is a schematic view showing the configuration of the
work vehicle;

FIG. 3 is a view showing an example of the engine torque
curve;

FIG. 4 is a flowchart showing the process in traction force
reduction control;

FIG. 5 is a flowchart showing the process in traction force
reduction control;

FIG. 6 is a flowchart showing the process in traction force
reduction control;

FIG. 7 is a graph showing the relationship between the
execution threshold and the operation amount of the boom
operation member in accordance with an embodiment of the
present invention;

FIG. 8 is a graph showing the relationship between the
execution threshold and the operation amount of the boom
operation member in accordance with another embodiment of
the present invention;

FIG. 9 is a graph showing the relationship between the
execution threshold and the height position of the bucket in
accordance with another embodiment of the present inven-
tion;

FIG. 110 is a block view showing a schematic of the con-
figuration of the HST work vehicle in accordance with
another embodiment of the present invention;

FIG. 11 shows an example of the pump displacement in
relation to the travel circuit hydraulic characteristics in an
HST work vehicle;

FIG. 12 shows an example of the motor displacement in
relation to the travel circuit hydraulic characteristics in an
HST work vehicle;
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FIG. 13 shows the parameters of the method for calculating
the lift force in accordance with another embodiment of the
present invention; and

FIG. 14 is a view showing the relationship between the
traction force and the lift force.

DESCRIPTION OF EMBODIMENTS

The work vehicle 1 according to an embodiment of the
present invention is shown in FIGS. 1 and 2. FIG. 1 is a view
of the external appearance of the work vehicle 1, and FIG. 2
is a schematic view showing the configuration of the work
vehicle 1. The work vehicle 1 is a wheel loader, and the work
vehicle 1 is capable of traveling by front wheels 4a and rear
wheels 45 being rotatably driven, and is capable performing
desired work using a work implement 3.

The work vehicle 1 comprises a vehicle body frame 2, a
work implement 3, wheels 4a and 45, and a driver cabin 5, as
shown in FIG. 1.

The vehicle body frame 2 has a front vehicle body section
2a and a rear vehicle body section 24. The front vehicle body
section 2a and the rear vehicle body section 25 are connected
to each other so as to allow pivoting in the left and right
directions. A pair of steering cylinders 11a and 115 are pro-
vided from the front vehicle body section 2a to the rear
vehicle body section 25. The steering cylinders 11a and 115
are hydraulic cylinders driven by hydraulic fluid from a steer-
ing pump 12 (see FIG. 2). The steering cylinders 11a and 115
expand and contract, whereby the front vehicle body section
2a pivots in relation to the rear vehicle body section 2b. The
direction of progress of the vehicle is thereby changed. In
FIGS. 1 and 2, only one of the steering cylinders 11a and 115
is shown, and the other is omitted.

The work implement 3 and the pair of front wheels 4a are
attached to the front vehicle body section 2a. The work imple-
ment 3 is driven by the hydraulic fluid from the work imple-
ment pump 13 (see FIG. 2). The work implement 3 has a
boom 6, a pair of lift cylinders 14a and 145, a bucket 7, a bell
crank 9, and a bucket cylinder 15. The boom 6 is rotatably
supported by the front vehicle body section 2a. One end of the
lift cylinders 14a and 145 is attached to the front vehicle body
section 2a. The other end of the lift cylinders 14a and 145 is
attached to the boom 6. The lift cylinders 14a and 145 expand
and contract by hydraulic fluid from the work implement
pump 13, whereby the boom 6 vertically pivots. In FIGS. 1
and 2, only one of the lift cylinders 14a and 145 is shown, and
the other is omitted. The bucket 7 is rotatably supported by the
distal end of the boom 6. One end of the bucket cylinder 15 is
attached to the front vehicle body section 2a. The other end of
the bucket cylinder 15 is attached to the bucket 7 via the bell
crank 9. The bucket cylinder 15 expands and contracts by
hydraulic fluid from the work implement pump 13, whereby
the bucket 7 vertically pivots.

The driver cabin 5 and the pair of rear wheels 4b are
attached to the rear vehicle body section 2b. The driver cabin
5 is disposed above the vehicle body frame 2, and houses a
seat on which an operator sits, a later-described operation unit
8, and the like.

The work vehicle 1 comprises an engine 21 as the drive
source, a travel device 22, a work implement pump 13, a
steering pump 12, an operation unit 8, a controller 10, and the
like, as shown in FIG. 2.

The engine 21 is a diesel engine, and the fuel amount
injected into the cylinder is adjusted to control the output of
the engine 21. This adjustment is made by a later-described
first controller 10a, which controls an electronic governor 25
installed in a fuel injection pump 24 of the engine 21. A
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general all-speed control governor is used as the governor 25,
and the engine speed and fuel injection amount are adjusted in
accordance with a load so that the engine speed achieves a
target speed that corresponds to a later-described accelerator
operation amount. In other words, the governor 25 increases
or reduces the fuel injection amount so that there is no devia-
tion between a target engine speed and the actual engine
speed. The engine speed is detected by an engine speed sensor
91. The detection signal of the engine speed sensor 91 is
inputted to the first controller 10q.

The travel device 22 is a device for causing the vehicle to
travel by the drive force from the engine 21. The travel device
22 has a torque converter device 23, a transmission 26, the
above-described front wheels 4a and rear wheels 4b, and the
like.

The torque converter device 23 has a lockup clutch 27 and
a torque converter 28. The lockup clutch 27 can be switched
between a connected state and a non-connected state. The
torque converter 28 transmits the drive force from the engine
21 using oil as a medium to the travel device 22. The input
side and the output side of the torque converter 28 are directly
connected when the lockup clutch 27 is in a connected state.
The lockup clutch 27 is a hydraulic pressure-actuated clutch,
and the feeding of hydraulic fluid to the lockup clutch 27 is
controlled by a later-described second controller 105 via a
clutch control valve 31 to thereby switch between the con-
nected state and the non-connected state.

A transmission 26 has a forward clutch CF adapted for
forward travel stages and a reverse clutch CR adapted for
reverse travel stages. The clutches CF and CR are switched
between the connected state and the non-connected state to
thereby switch the vehicle between forward and reverse. The
vehicle is in a neutral state when the clutches CF and CR are
both in the non-connected state. The transmission 26 has a
plurality of speed stage clutches C1 to C4 adapted for a
plurality of speed stages, and can switch the reduction gear
ratio to a plurality of stages. For example, in the transmission
26, four speed stage clutches C1 to C4 are provided, and the
speed stages can be switched to four stages, i.e., first speed to
fourth speed. The speed stage clutches C1 to C4 are hydraulic
pressure-actuated hydraulic clutches. Hydraulic fluid is fed
from a hydraulic pump (not shown) to the clutches C1 to C4
via the clutch control valve 31. The clutch control valve 31 is
controlled by the second controller 105, and the feeding of the
hydraulic fluid to the clutches C1 to C4 is controlled, whereby
the connected state and non-connected state of the clutches
C1 to C4 are switched.

AT/M output speed sensor 92 fur detecting the speed of the
output shaft of the transmission 26 is provided to the output
shaft of the transmission 26. Detection signals from the T/M
output speed sensor 92 are inputted to the second controller
104. The second controller 105 calculates the vehicle speed
on the basis of the detection signals of the T/M output speed
sensor 92. Therefore, the T/M output speed sensor 92 func-
tions as a vehicle speed detector for detecting the vehicle
speed. A sensor for detecting the rotational speed of other
components may be used as a vehicle speed detector in lieu of
the output shaft of the transmission 26. The drive force out-
putted from the transmission 26 is transmitted to the front
wheels 4a and the rear wheels 45 via a shaft 32, and the like,
whereby the vehicle travels. The speed of the input shaft of the
transmission 26 is detected by a T/M input speed sensor 93.
The detection signals from the T/M input speed sensor 93 are
inputted to the second controller 104.

A portion of the drive force of the engine 21 is transmitted
to the steering pump 12 and the work implement pump 13 via
a PTO shaft 33. The work implement pump 13 and the steer-
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ing pump 12 are hydraulic pumps driven by drive force from
the engine 21. The hydraulic fluid discharged from the work
implement pump 13 is fed to the lift cylinders 14a and 145 and
the bucket cylinder 15 via a work implement control valve 34.
The hydraulic fluid discharged from the steering pump 12 is
fed to the steering cylinders 11a and 115 via a steering control
valve 35. In this mariner, the work implement 3 is driven by a
portion of the drive force from the engine 21.

The pressure of the hydraulic fluid discharged from the
work implement pump 13 (hereinafter referred to as “hydrau-
lic pressure of the work implement pump™) is detected by a
firsthydraulic pressure sensor 94. The pressure of the hydrau-
lic fluid fed to the lift cylinders 14a and 145 (hereinafter
referred to as “hydraulic pressure of the lift cylinders”) is
detected by a second hydraulic pressure sensor 95. Specifi-
cally, the second hydraulic pressure sensor 95 detects the
hydraulic pressure in the cylinder head chamber to which
hydraulic fluid is fed when the lift cylinders 14a and 1456 are
extended. The pressure of the hydraulic fluid fed to the bucket
cylinder 15 (hereinafter referred to as “hydraulic pressure of
the bucket cylinder”) is detected by a third hydraulic pressure
sensor 96. Specifically, the third hydraulic pressure sensor 96
detects the hydraulic pressure ofthe cylinder head chamber to
which hydraulic fluid is fed when the bucket cylinder 15 is
extended. The pressure of the hydraulic fluid discharged from
the steering pump 12 (hereinafter referred to as “hydraulic
pressure of the steering pump”) is detected by a fourth
hydraulic pressure sensor 97. The detection signals from the
first to fourth hydraulic pressure sensors 94 to 97 are inputted
to the second controller 105.

The operation unit 8 is operated by the operator. The opera-
tion unit 8 has an accelerator operation member 81a, an
accelerator operation detection device 815, a steering opera-
tion member 824, a steering operation detection device 825, a
boom operation member 83a, a boom operation detection
device 835, a bucket operation member 84a, a bucket opera-
tion detection device 845, a gear shift operation member 85a,
a gear shift operation detection device 855, an FR operation
member 86a, an FR operation detection device 865, and the
like.

The accelerator operation member 81aq is, e.g., an accel-
erator pedal, and is operated in order to set the target speed of
the engine 21. The accelerator operation detection device 815
(accelerator operation detector) detects the operation amount
of'the accelerator operation member 81a (hereinafter referred
to as “accelerator operation amount”). The accelerator opera-
tion detection device 815 outputs the detection signal to the
first controller 10a.

The steering operation member 82a is, e.g., a steering
wheel, and is operated in order to operate the direction of
progress of the vehicle. The steering operation detection
device 825 detects the position of the steering operation mem-
ber 82a and outputs detection signals to the second controller
105. The second controller 105 controls the steering control
valve 35 on the basis of detection signals from the steering
operation detection device 82b. The steering cylinders 11a
and 115 thereby expand and contract, and the direction of
progress of the vehicle is changed.

The boom operation member 83a and the bucket operation
member 84a (work implement operation member) is, e.g., an
operation lever, and is operated in order to actuate the work
implement 3. Specifically, the boom operation member 83a is
operated in order to actuate the boom 6. The bucket operation
member 84a is operated in order to actuate the bucket 7. The
boom operation detection device 836 (work implement
operation detector) detects the position of the boom operation
member 83a. The bucket operation detection device 845
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(work implement operation detector) detects the position of
the bucket operation member 84a. The boom operation detec-
tion device 835 and the bucket operation detection device 845
output detection signals to the second controller 105. The
second controller 105 controls the work implement control
valve 34 on the basis of detection signals from the boom
operation detection device 835 and the bucket operation
detection device 84b. The lift cylinders 14a and 145 and the
bucket cylinder 15 thereby expand and contract, and the boom
6 and the bucket 7 are actuated. Also, a boom angle detection
device 98 for detecting the boom angle is provided to the work
implement 3. The boom angle is the angle between the line
that connects the center of rotational support between the
front vehicle body section 2a and the boom 6 and the center of
rotational support between the boom 6 and the bucket 7, and
the line that connects the axial centers of the front and rear
wheels 4a and 45 (see reference numerals Ab and Ab' of FIG.
13.). The boom angle is the angle Ab (positive value) in FIG.
13 when the bucket 7 is positioned on the ground surface. The
boom angle changes to a small value when the bucket rises,
and is the angle Ab' (negative value) when the angle is less
than 0°. The boom angle can be set to 0° when the bucket 7 is
positioned on the ground surface, and the reference value can
be arbitrarily set. The boom angle detection device 98 outputs
detection signals to the second controller 105. The second
controller 105 calculates the height position of the bucket 7 on
the basis of the boom angle detected by the boom angle
detection device 98. Accordingly, the boom angle detection
device 98 functions as a height position detector for detecting
the height of the bucket 7.

The gear shift operation member 85a is, e.g., a shift lever.
The gear shill operation member 85aq is operated in order to
set an upper limit of the speed stage when the automatic gear
shift mode has been selected. For example, in the case that the
gear shift operation member 85a is set to third speed, the
transmission 26 can be switched from second speed to third
speed, and it is not possible to switch to fourth speed. When
the manual gear shift mode is selected, the transmission 26 is
switched to the speed stage set by the gear shift operation
member 85a. The gear shift operation detection device 856
detects the position of the gear shift operation member 85a.
The gear shift operation detection device 856 outputs the
detection signals to the second controller 105. The second
controller 105 controls the gear shifting of the transmission
26 on the basis of the detection signals from the gear shift
operation detection device 85b. The automatic gear shift
mode and the manual gear shift mode are switched by a gear
shift mode switching member (not shown) operated by the
operatotr.

The FR operation member 86a is operated in order to
switch the vehicle between forward and reverse. The FR
operation member 86a can be switched to forward, neutral,
and reverse positions. The FR operation detection device 865
detects the position of the FR operation member 86a. The FR
operation detection device 865 outputs detection signals to
the second controller 105. The second controller 105 controls
the clutch control valve 31 on the basis of the detection signals
from the FR operation detection device 86b. The forward
clutch CF and the reverse clutch CR are thereby controlled to
switch the vehicle between forward, reverse, and neutral
states.

The controller 10 has a first controller 10a and a second
controller 105. Each of the first controller 10a and the second
controller 105 can be implemented in the form of a computer
having a storage device used as, e.g., program memory and/or
work memory, and a CPU for executing a program.
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The first controller 10a sends engine command signals to
the governor 25 so as to achieve a target engine speed that
corresponds to the accelerator operation amount. FIG. 3
shows the engine torque curve representing a torque upper
limit value that can be outputted by the engine 21 in accor-
dance with the engine speed. In FIG. 3, the solid line L.100
indicates the engine torque curve when the accelerator opera-
tion amount is 100% in a high-load work phase in which
later-described traction force reduction control is not carried
out. The engine torque curve corresponds to, e.g., the rated or
maximum power output of the engine 21. The 100% accel-
erator operation amount refers to the state in which the accel-
erator operation member 81a is maximally operated. Also,
the broken line .75 indicates the engine torque curve when
the accelerator operation amount is 75% in a high-load work
phase. The governor 25 controls the output of the engine 21 so
that the output torque of the engine 21 (hereinafter referred to
as “engine torque”) becomes equal to or less than the engine
torque curve. The control of the output of the engine 21 is
carried out by, e.g., controlling the upper limit value of fuel
injection amount to the engine 21. When the first controller
10a receives a later-described correction command signal
from the second controller 105, the first controller corrects the
command value of the engine command signal using the
correction command signal, and sends the corrected com-
mand value to the governor 25. The corrected command value
is later described.

The second controller 105 controls the transmission 26
and/or the torque converter device 23 in accordance with the
travel state of the vehicle. For example, the second controller
105 automatically switches the speed stage of the transmis-
sion 26 and switches the lockup clutch 27 in accordance with
the vehicle speed when the automatic gear shift mode is
selected. The second controller 105 switches the transmission
26 to the speed stage selected by the gear shift operation
member 85a when the manual gear shift mode is selected.

In addition to the above-described detection signals, detec-
tion signals for the inlet pressure, the outlet pressure, and the
like of the torque converter device 23 are also inputted to the
second controller 105. The first controller 10a and the second
controller 105 can communicate with each other by a wireless
or wired connection. The detection signals of the engine
speed, the fuel injection amount, the accelerator operation
amount, and the like are inputted from the first controller 10a
to the second controller 105. The second controller 105 con-
trols the gear shifting of the transmission 26 and the actuation
of the work implement 3 on the basis of various detection
signals.

The second controller 105 calculates the ratio of the trac-
tion force of the vehicle in relation to the lift force (hereinafter
referred to as “excavation force ratio”). In other words, (exca-
vation force ratio)=(traction force)/(lift force). When the
excavation force ratio is greater than a predetermined thresh-
old, the second controller 105 calculates a target traction
force so that the excavation force ratio becomes less than a
predetermined threshold. The second controller 105 sends a
correction command signal to the first controller 10qa so that
the traction force becomes a target traction force. The first
controller 10a corrects the engine command signal on the
basis of the correction command signal and sends the result to
the governor 25. The engine speed is reduced so that the
excavation force ratio becomes less than the predetermined
threshold. This control (traction force reduction control) is
described below with reference to FIGS. 4 to 6. Excluding the
17th step S17, the process shown in the flowchart of FIGS. 4
to 6 is executed by the second controller 105. The 17th step
S17 is executed by the first controller 10a.
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First, various items of information are detected in the first
step S1 of FIG. 4. In this step, various items of information are
sent to the second controller 105 by way of the above-de-
scribed detection signals.

The traction force is detected in the second step S2. The
second controller 105 calculates the traction force of the
vehicle on the basis of the detected information. Specifically,
the second controller 105 calculates the traction force on the
basis of the speed ratio of the torque converter device 23. The
speed ratio of the torque converter device 23 is calculated
from the input shaft speed and the output shaft speed of the
torque converter device 23. The input shaft speed of the
torque converter device 23 is detected by the detection signal
from the engine speed sensor 91. The output shaft speed of the
torque converter device 23 is detected by the detect signal
from the T/M input speed sensor 93. In other words, the
engine speed sensor 91 and the T/M input speed sensor 93
constitute a traction force detector for detecting the traction
force of the vehicle. More specific methods for calculating the
traction force of the vehicle are known in the art and it is
possible to use the methods disclosed in, e.g., Japanese Laid-
open Patent Application No. H05-295760 and S60-136662.

The lift force is detected in the third step S3. The lift force
is a force required for raising the bucket 7 using the boom 6.
In this case, the lift force is calculated on the basis of the
hydraulic pressure of the work implement pump. In other
words, the first hydraulic pressure sensor 94 for detecting the
above-described hydraulic pressure of the work implement
pump constitutes the lift force detector for detecting the lift
force.

In the fourth step S4, it is determined whether an excava-
tionreduction flag is OFF. The excavation reduction flag is set
to ON when all three execution conditions for traction force
reduction control shown in the later-described fifth step S5 to
the seventh step S7 are satisfied. Also, the excavation reduc-
tion flag is set to OFF when any one of the three conditions for
cancelling traction force reduction control shown in the later-
described 18th step S18 to the 20th step S20 are satisfied. In
the case that the excavation reduction flag is OFF, the process
proceeds to the fifth step S5. In the case that the excavation
reduction flag is ON, the process proceeds to the 18th step
S18 of FIG. 6.

In the fifth step S5, it is determined whether the work status
is excavation. In this case, the second controller 105 deter-
mines whether the work status is excavation on the basis of
the above-described detection signals. Specifically, it is deter-
mined that the work status is excavation when the boom angle
is a predetermined excavation angle threshold or greater, the
actual speed stage of the transmission 26 is first speed, and the
hydraulic pressure of the lift cylinder is equal to or greater
than a predetermined excavation hydraulic pressure thresh-
old. The predetermined excavation angle threshold is set by
calculating by experimentation or the like in advance the
values of the possible boom angles during excavation. The
predetermined excavation hydraulic pressure threshold is set
by calculating by experimentation or the like in advance the
values of the possible hydraulic pressures of the lift cylinder
during excavation. In the case that the work status is excava-
tion, the process proceeds to the sixth step S6. In the case that
the work status is not excavation, the process proceeds to the
ninth step S9.

in the sixth step S6, it is determined whether the following
formula (1) has been satisfied.

Fi/FI>Ra (1)

Ft is the current traction force detected in the second step
S2. Fl s the current lift force detected in the third step S3. Ra
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is a predetermined execution threshold of the excavation
force ratio. In other words, in this step, it is determined
whether the ratio of the traction force Ft with respect to the lift
force F1 (excavation force ratio) is greater than a predeter-
mined execution threshold Ra. The predetermined execution
threshold Ra is set so as to vary in accordance with the
operation amount of the boom operation member 83a, as
shown in FIG. 7. In other words, the execution threshold Ra is
set so as to decrease as the operation amount of the boom
operation member 83a is increased. The vertical axis in FIG.
7 shows the execution threshold Ra. The horizontal axis
shows the operation amount of the boom operation member
83a. Percentage is used as the unit of the operation amount of
the boom operation member 83a. An operation amount 0% of
the boom operation member 83a indicates a neutral position
in which the boom operation member 83a is not being oper-
ated. An operation amount 100% of the boom operation mem-
ber 83¢ indicates that the boom operation member 83a is
being maximally operated. In this case, the execution thresh-
old Ra is constant at r2 when the operation amount of the
boom operation member 83a is in a range of O or higher and
less than Al. The execution threshold Ra decreases as the
operation amount is increased when the operation amount of
the boom operation member 83« is in a range of A1 or higher
and A2 or less. The execution threshold Ra is constant at rl
when the operation amount of the boom operation member
83a is in a range of greater than A2 and 100 or less. Also,
rl<r2. The value of the execution threshold Ra is set by
calculating by experimentation or the like in advance the
values for ensuring that the traction force does not become
excessively high with respect to the lift force from the view-
point of preventing the vehicle from entering a stalled state. In
the case that the formula (1) noted above is satisfied, the
process proceeds to the seventh step S7. In the case that the
formula (1) is not satisfied, the process proceeds to the ninth
step S9.

In the seventh step S7, it is determined whether the lift flag
is OFF. The lift flag is set to OFF in the case that the boom
angle is equal to or greater than a predetermined lift angle
threshold. The lift flag is set to ON in the case that the boom
angle is less than the predetermined lift angle threshold. The
lift angle threshold is a value that is less than the above-
described excavation angle threshold. The lift angle threshold
is set by calculating by experimentation or the like in advance
the values of the possible boom angles in the case that the
vehicle is unlikely to enter a stalled state because the bucket 7
has been lifted to a certain height position. For example, the
lift angle threshold is set to a boom angle at which it can be
determined that the work vehicle 1 has ended the final step of
excavation work and is moving to the next work, or at which
it can be determined that work other than excavation is being
performed. The process proceeds to the eighth step S8 in the
case that the lift flag is OFF. The process proceeds to the ninth
step S9 in the case that the lift flag is ON.

In the eighth step S8, the excavation reduction flag is set to
ON. In other words, the excavation reduction flag is set to ON
when all three execution conditions for traction force reduc-
tion control shown in the fifth step S5 to the seventh step S7
are satisfied. The process then proceeds to the tenth step S10
of FIG. 5.

On the other hand, the process proceeds to ninth step S9
when at least one of the three execution conditions for traction
force reduction control shown in the fifth step S5 to the
seventh step S7 is not satisfied. In the ninth step S9, the target
traction force (Fts) is set to the maximum target traction force
Fmax. The maximum target traction force Fmax is a traction
force in a state in which the traction force reduction control is



US 9,133,780 B2

13

not performed. In other words, the maximum target traction
force Fmax setting indicates that the traction force will not be
reduced.

In the tenth step S10 to the 14th step S14 of FIG. 5, the
target traction force is set in a state in which the excavation
reduction flag is ON, i.e., in a state in which all three execu-
tion conditions for traction force reduction control shown in
the fifth step S5 to the seventh step S7 are satisfied.

First, in the tenth step S10, it is determined whether a stall
flag is set to ON. The stall flag being ON indicates that the
vehicle is in a stalled state. The stall flag is set to ON when the
position of the boom operation member 83a detected by the
boom operation detection device 834 is equal to or greater
than a predetermined boom operation threshold and the
hydraulic pressure of the work implement pump is less than
the hydraulic pressure of the lift cylinder. The stall flag is set
to OFF when the position of the boom operation member 83a
is less than a predetermined boom operation threshold or the
hydraulic pressure of the work implement pump is equal to or
greater than the hydraulic pressure of the lift cylinder. In the
case that the stall flag is ON, the process proceeds to the 14th
step S14 and the target traction force is set to a low target
traction force Fa. The low target traction force is a constant
value that s less than the maximum target traction force Fmax
described above. For example, the low target traction force Fa
is a value that is 75% or less than the maximum target traction
force Fmax, and more preferably 65% or less. The engine
speed is thereby more greatly reduced than when a later-
described 12th step S12 is performed. This is due to the fact
that the traction force must be more greatly reduced to rapidly
allow the vehicle to escape from a stalled state when the stall
flag is ON.

In the tenth step S10, the process proceeds to the 11th step
S11 in the case that the stall flag is OFF. In the 11th step S11,
it is determined whether the work implement pump neutral
flag is ON. The work implement pump neutral flag is set to
ON in the case that the boom operation member 83a and the
bucket operation member 84a are not being operated. In other
words, the work implement pump neutral flag is set to ON in
the case that the boom operation member 83a and the bucket
operation member 84a are positioned in the neutral position.
The target traction force is set to the maximum target traction
force Fmax in the 13th step S13 in the case that the work
implement pump neutral flag is ON. The stalled flag being
OFF indicates that the vehicle is not in a stalled state. Also, the
work implement pump neutral flag being ON indicates that
the operator does not immediately intend to actuate the bucket
7.1t is therefore thought that there is a low possibility that the
traction force will need to be reduced. Accordingly, the target
traction force is set to the maximum target traction force
Fmax and the traction force is not reduced in the 13th step
S13.

In the case that the work implement pump neutral flag is
OFF in the 11th step S11, the target traction force is set in the
manner of the following formula (2).

Fts=FIxRb 2)

Fts is the target traction force. Fl is the current lift force
detected in the third step S3. Rb is a low excavation force ratio
and is set to a value that is equal to or less than a predeter-
mined execution threshold Ra of the excavation force ratio
described above. For example, the low excavation force ratio
Rb is 80% or more and 100% or less than the predetermined
execution threshold Ra, and more preferably 90% or more
and 100% or less than the predetermined execution threshold
Ra. Therefore, the target traction force in the case that the
process of the 12th step S12 is performed is greater than the
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target traction force in the case that the process of the 14th
step S14 is performed, and is equal to or less than the target
traction force in the case that the 13th step S13 is performed.
This is due to the fact that there is no need to reduce the
traction force in comparison with the case in which the
vehicle is in a stalled state because the operator intends to
move the work implement and the vehicle is not in a stalled
state. This is also due to the fact that the excavation force ratio
can be brought to the predetermined execution threshold Ra
or less so that the vehicle does not enter a stalled state.

The corrected engine speed is calculated in the 15th step
S15 when the target traction force is set in the manner
described above. In this case, the second controller 105 cal-
culates the corrected engine speed for correcting the target
engine speed so that the traction force is brought to the target
traction force.

Next, the correction command signal is outputted in the
16th step S16. In this case, the second controller 105 transmits
to the first controller 10a the correction command signal that
corresponds to the corrected engine speed.

The engine speed signal is corrected in the 17th step S17. In
this case, the first controller 10a corrects the engine command
signal on the basis of the correction command signal. The first
controller 10a sends the corrected engine command signal to
the governor 25. The engine speed is thereby controlled so
that the traction force is brought to the target traction force.
Therefore, the engine speed is reduced so that the excavation
force ratio is brought to the predetermined execution thresh-
old Ra or less when the excavation force ratio is greater than
the predetermined execution threshold Ra.

in the fourth step S4 described above, the process proceeds
to the 18th step S18 of FIG. 6 in the case that the excavation
reduction flag is ON. In the 18th step S18 to the 20th step S20
shown in FIG. 6, it is determined whether a condition for
cancelling the traction force reduction control is satisfied.

In the 18th step S18, it is determined whether the work
status is not excavation. In this case, it is determined that the
work status is not excavation in the case that the condition for
excavation of the fifth step S5 described above is not satisfied.
The process proceeds to 21st step S21 in the case that the
work status is not excavation.

In the 21st step S21, the excavation reduction flag is
changed to OFF. In the 22nd step S22, the target traction force
is set to the maximum target traction force Fmax. The process
thereafter proceeds to the 15th step S15 described above.

On the other hand, in the 18th step S18, the process pro-
ceeds to the 19th step S19 in the case that the work status is
excavation. In the 19th step S19, it is determined whether the
lift flag is ON. In this case, the determination is made on the
basis of the condition of the lift flag of the seventh step S7
described above. In the case that the lift flag is ON, the process
proceeds to the 21st step S21 and the same process as that
described above is performed.

In the 19th step S19, the process proceeds to the 20th step
S20 in the case that the lift flag is OFF. In the 20th step S20,
it is determined whether the following formula (3) is satisfied.

Fi/FI<Rc 3)

Ft is the current traction force detected in the second step
S2. Flis the current lift force detected in the third step S3. Rc
is a predetermined cancellation threshold of the excavation
force ratio, and is a value that is equal to or less than the
execution threshold Ra described above. In the case that the
formula (3) is satisfied, the process proceeds to the 21st step
S21 and the same process as that described above is per-
formed.
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The process proceeds to the tenth step S10 of FIG. 5 in the
case that the formula (3) is not satisfied in the 20th step S20.
In other words, the excavation reduction flag is kept ON and
the process proceeds to the tenth step S10 when none of the
conditions for cancelling the traction force reduction control
shown in the 18th step S18 to the 20th step S20 are satisfied.
Conversely, the excavation reduction flag is changed to OFF
and the process proceeds to the 15th step S15 in the case that
at least one condition for cancelling the traction force reduc-
tion control is satisfied.

The process described above is constantly repeated while
the engine 21 is being driven. Accordingly, the target traction
force is modified in accordance with variation in any of the
conditions described above.

In the work vehicle 1 according to an embodiment of the
present invention, the excavation force ratio is calculated in
the manner described above and compared with the predeter-
mined execution threshold Ra. Traction force reduction con-
trol for reducing the engine speed is executed when the exca-
vation force ratio is greater than the execution threshold Ra.
Accordingly, the engine speed is reduced so that the excava-
tion force ratio is brought to the predetermined execution
threshold Ra or less when the excavation force ratio has
become greater than the predetermined execution threshold
Ra. In other words, the traction force is reduced so that the
excavation force ratio is brought to the predetermined execu-
tion threshold Ra or less. It is thereby possible to suitably
adjust the balance of the traction force and the lift force during
excavation before the vehicle enters a stalled state. Accord-
ingly, the vehicle can be inhibited from entering a stalled state
even in the case that an inexperienced operator operates the
work vehicle. Since the execution threshold Ra is reduced as
the operation amount of the boom operation member 83« is
increased, the traction force is set to be less than the target
traction force as the operator more greatly operates the boom
operation member 83a. In other words, the amount of reduc-
tion in the traction force is increased as the operator more
greatly operates the boom operation member 83a. The trac-
tion force is thereby reduced, whereby lift force can be
increased. Also, the intention of the operator is reflected in the
control of the traction force. Fuel consumption can thereby be
improved and a reduction in ease of operation can be inhib-
ited.

The traction force reduction control is executed in the case
that the work phase of the vehicle is excavation. Accordingly,
the vehicle can be inhibited from entering a stalled state
during excavation in which a particularly high load is
imposed on the vehicle. The work vehicle 1 is inhibited from
entering a stalled state, whereby the time for excavation work
can be reduced. Since excavation work is work that entails
high fuel consumption, it is possible to improve filet con-
sumption and to achieve a reduction in CO, emissions by
reducing the time for excavation work.

The traction force reduction control is not executed when
the boom angle is greater than a predetermined lift angle
threshold. In other words, the traction force reduction control
is not executed when the position of the bucket 7 is higher
than the predetermined height threshold that corresponds to
the lift angle threshold. Accordingly, the engine speed is not
reduced in a state in which the bucket 7 has been lifted and is
readily dislodged from a mound of'soil. It is thereby possible
to inhibit an unnecessary reduction in the engine speed.

The target traction force is set to the low target traction
force Fa when the stall flag is ON as in the tenth step S10 and
the 14th step S14 described above. In other words, in traction
force reduction control, the target traction force is uniformly
reduced to a constant value that is less than the maximum
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target traction force when the work implement pump 13 is in
a stalled state. The vehicle can thereby be rapidly allowed to
escape from the stalled state.

The target traction force is set to the maximum target
traction force Fmax when the stall flag is OFF and the work
implement pump neutral flag is ON, as in the above-described
tenth step S10, 11th step S11, and 13th step S13. In other
words, the target traction force is set to the maximum target
traction force in traction force reduction control when the
work implement pump 13 is not in a stalled state and the boom
operation member 83a and the bucket operation member 84a
are both in a state of non-operation. Accordingly, itis possible
to inhibit an unnecessary reduction in the engine speed.

An embodiment of the present invention was described
above, but the present invention is not limited to the above-
described embodiment, and various modifications are pos-
sible within a range that does not depart from the spirit of the
invention.

Variation in the execution threshold Ra with respect to the
operation amount of the boom operation member 83a is not
required to be rectilinear as in FIG. 7. For example, variation
in the execution threshold Ra with respect to the operation
amount of the boom operation member 83a may be curved, as
shown in FIG. 8(a) and FIG. 8(5).

The execution threshold Ra may be allowed to be set by the
operator. For example, a threshold-setting member may pro-
vide to the operation unit 8 and the second controller 105 may
set the value of the execution threshold Ra in accordance with
the position of the threshold-setting member. The threshold-
setting member may be a touch panel monitor, a dial, or the
like. Also, the threshold-setting member may be a switch
provided to the boom operation member 83a.

It is also possible for a process to be executed in which the
second controller 105 does not execute traction force reduc-
tion control when the accelerator operation amount is less
than a predetermined operation amount threshold. The value
of the predetermined operation amount threshold is set to a
sufficiently low level at which it is predicted that the vehicle
will not enter a stalled state even when the accelerator opera-
tion amount is kept at the operation amount threshold thereof.
It is thereby possible to inhibit an unnecessary reduction in
the engine speed.

Itis also possible to add to the above-described flowchart a
process in which the second controller 105 does not execute a
traction force reduction control when the vehicle speed is
greater than a predetermined vehicle speed threshold. A value
that allows the vehicle to be deemed to be traveling is set as
the predetermined vehicle speed. It is common that a greater
drive force is greater required for the travel device 22 than the
work implement 3 when the vehicle is traveling. [tis therefore
possible to inhibit a reduction in travel ability.

The excavation determination conditions are not limited to
those described above, and other conditions may be used. For
example, no limitation is imposed to the case in which the
speed stage of the transmission 26 is first speed, the work
phase may be determined to be excavation in the case in
which the speed stage is second speed. In the embodiment
described above, the excavation work phase is shown as an
example in which traction force reduction control is executed
because excavation is typically high-load work for the work
vehicle, but traction force reduction control may be executed
when high-load work other than excavation is being per-
formed.

In the embodiment described above, the execution thresh-
old Ra is modified in accordance with the operation amount of
the boom operation member 83a, but may be modified in
accordance with the attitude of the work implement 3. For
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example, the execution threshold Ra may be set so that the
traction force is increased as the height position of the bucket
7 is increased. Specifically, the execution threshold Ra may
be modified so as to increase as the height position of the
bucket 7 is increased, as shown in FIG. 9. The vertical axis in
FIG. 9 shows the execution threshold Ra. The horizontal axis
shows the height of the bucket 7. In this case, the amount by
which the traction force is reduced in traction force reduction
control is inhibited so that the traction force is increased as the
height position of the bucket 7 is increased. Due to the struc-
ture of the work implement 3 in a wheel loader, the amount of
reduction in the lift force due to the traction force decreases as
the height position of the bucket 7 is increased. Accordingly,
the work vehicle 1 is unlikely to enter a stalled state even
when the traction force is increased as the height position of
the bucket 7 is increased. The traction force is increased,
whereby the engine speed performance is improved. Also, the
work vehicle 1 may perform work in which scattered snow,
crushed stone, or the like is gathered up into a small mound in
preparation for the next dumping work. At this time, the work
vehicle 1 gradually raises the bucket 7 to push the crush stone
or the like upward while ascending the sloped surface of the
small mound. Accordingly, a greater traction force is required
as the height position of the bucket 7 is increased. In view of
this situation, the execution threshold Ra is set in the manner
described above so that the traction force is increased as the
height position of the bucket 7 is increased, whereby the ease
of operation can be improved. The traction force is gradually
increased as the height position of the bucket 7 is increased,
whereby a traction force suitable for the operation conditions
of the work implement 3 can be obtained. The height of the
bucket 7 can be obtained from the boom angle described
above. Therefore, the boom angle detection device 98
described above functions as a work implement attitude
detector for detecting the height position of the bucket 7.
Also, the execution threshold Ra may be modified in accor-
dance with the angle of the bucket 7 in addition to the height
position of the bucket 7. In this case, the direction of the tip of
the bucket 7 with respect to the horizontal direction is
detected as the angle of the bucket 7. Alternatively, the execu-
tion threshold Ra may be modified in accordance with the
height position of the bucket 7 when the angle of the bucket 7
is not an angle at which the bottom surface of the bucket 7 is
horizontal.

In the work vehicle according to the embodiment described
above, a first controller 10a and a second controller 105 are
separately provided, but these may be integrally provided. For
example, the functions of first controller 10a and the second
controller 105 may be implemented by a single computer.
Conversely, the functions of the first controller 10a or the
second controller 105 may be shared by a plurality of com-
puters.

The work vehicle to which the present invention is applied
is not limited to that described above. For example, the
present invention may also be applied to work vehicles other
than a wheel loader, including backhoe loaders, skid steer
loaders, telescopic handlers, and crawler-type loaders. Also,
the present invention may be applied to a work vehicle (here-
inafter referred to as a “HST work vehicle”) provided with a
hydraulic static transmission (HST). In an HST work vehicle,
a hydraulic pump 41 for travel is driven by the drive force
from the engine 21, and the hydraulic fluid discharged from
the hydraulic pump 41 fire travel is fed to a hydraulic motor 43
via a travel circuit 42, as shown in FIG. 10. The hydraulic
motor 43 is thereby driven, and the wheels 4a and 45 are
driven by the rotational force of the hydraulic motor 43. The
pressure of the hydraulic fluid fed to the hydraulic motor 43
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(hereinafter referred to as “travel circuit hydraulic pressure™)
is detected by a travel circuit hydraulic pressure sensor 44.
Also, a pump displacement controller 45 is provided for
adjusting the tilt angle of the hydraulic pump 41 for travel in
accordance with a control signal from the second controller
105. The second controller 105 controls the pump displace-
ment controller 45, whereby the displacement of the hydrau-
lic pump 41 for travel can be electrically controlled. Also, a
motor displacement controller 46 is provided for adjusting
the tilt angle of the hydraulic motor 43 in accordance with a
control signal from the second controller 105. The second
controller 105 controls the motor displacement controller 46,
whereby the displacement of the hydraulic motor 43 can be
electrically controlled. In FIG. 10, the same reference numer-
als are used for the same constituent elements of FIG. 2.

The second controller 105 processes output signals from
the engine speed sensor 91 and the travel circuit hydraulic
pressure sensor 44, and outputs command signals for the
pump displacement to the pump displacement controller 45.
In this case, the second controller 1056 refers to the pump
displacement/travel circuit hydraulic pressure characteristics
data stored in the second controller 105, sets the pump dis-
placement from the value of the engine speed and the value of
the travel circuit hydraulic pressure, and outputs to the pump
displacement controller 45 the pump displacement command
value that corresponds to the pump displacement thus set.
FIG. 11 shows an example of the pump displacement circuit
hydraulic pressure characteristics data. The solid line .11 and
the broken lines .12 to .15 in the drawing are lines showing
the pump displacement/travel circuit hydraulic pressure char-
acteristics data modified in accordance with the engine speed.
The pump displacement controller 45 modifies the tilt angle
of'the hydraulic pump 41 for travel on the basis of an inputted
pump displacement command value. The pump displacement
is thereby brought to a level that corresponds to the engine
speed.

The second controller 105 processes output signals from
the engine speed sensor 91 and the travel circuit hydraulic
pressure sensor 44, and outputs command signals for the
motor displacement to the motor displacement controller 46.
In this case, the second controller 105 refers to the motor
displacement/travel circuit hydraulic pressure characteristics
data stored in the second controller 105, sets the motor dis-
placement from the value of the engine speed and the value of
the travel circuit hydraulic pressure, and outputs to the motor
displacement controller 46 the motor displacement command
value that corresponds to the motor displacement thus set.
FIG. 12 shows an example of the motor displacement/travel
circuit hydraulic pressure characteristics data. The solid line
[.21 in the drawing is a line with an established tilt angle with
respect to the travel circuit hydraulic pressure in a state in
which the engine speed is in a certain state. The tilt angle is at
minimum (Min) until the travel circuit hydraulic pressure is
equal to or less than a certain constant value. The tilt angle
also gradually increases thereafter in accompaniment with
the increase in travel circuit hydraulic pressure (the solid
sloped portion [.22). The tilt angle reaches maximum (Max)
and the tilt angle then stays at the maximum tilt angle Max
even when the hydraulic pressure increases. The solid sloped
portion [.22 noted above is set so as to rise and fall in accor-
dance with the engine speed. In other words, when the engine
speed is low, the tilt angle increases from a state in which the
travel circuit hydraulic pressure is lower, and the travel circuit
hydraulic pressure is controlled so as to reach the maximum
tilt angle in a state in which the travel circuit hydraulic pres-
sure is lower (see the sloped portion [.23 in the lower broken
line of FIG. 12). Conversely, when the engine speed is high,



US 9,133,780 B2

19

the minimum tilt angle Min is maintained until the travel
circuit hydraulic pressure becomes higher, and the travel cir-
cuit hydraulic pressure is controlled so as to reach the maxi-
mum tilt angle Max in a state in which the travel circuit
hydraulic pressure is higher (see the sloped portion [.24 in the
upper broken line of FIG. 12)

The HST work vehicle comprises the same gear shift
operation member 85a as that of the work vehicle 1 according
to the embodiment described above. The second controller
105 stores the maximum vehicle speed that corresponds to
each speed stage selected by the gear shift operation member
85a. The second controller 105 controls the motor displace-
ment controller 46 so that the vehicle speed does not exceed
the maximum speed for the selected speed stage. The same
gear shift control as that of the work vehicle according to the
embodiment described above is thereby performed. In this
HST work vehicle, the same control of the engine 21 as that of
the work vehicle 1 according to the embodiment described
above is performed by the first controller 10a. Also, in this
HST work vehicle, a controller 10 performs traction force
reduction control in the same manner as described above.
However, means for reducing the traction force is not limited
to reducing the engine speed in the manner of the embodiment
described above. For example, the traction force may also be
reduced by increasing the motor displacement, controlling
the pump displacement so that the travel circuit hydraulic
pressure is reduced, or using other means.

The present invention may be applied to a work vehicle
comprising a hydraulic mechanical transmission (HMT). In
this case as well, the traction force may be reduced by reduc-
ing the engine speed, controlling the motor displacement,
controlling the pump displacement, controlling the gear ratio,
or using other means, in the same manner as a HST work
vehicle.

In the embodiment described above, an engine is used as
the drive source, but another device may be used. For
example, in the case that an electric motor is used, the traction
force may be reduced by controlling the drive torque of the
electric motor. Specifically, the electric power, electric cur-
rent, or voltage fed to the electric motor may be controlled,
whereby the traction force is controlled.

In the embodiment described above, the lift force is calcu-
lated on the basis of the hydraulic pressure of the work imple-
ment pump. However, the lift force may be calculated using
another method. For example, the lift force may be obtained
from a balance between a moment Mlr produced by a reaction
force FlIr to the lift force about the center P1 of rotational
support of the boom 6 and the front vehicle body section 2a,
a moment Mtr produced by a reaction force Ftr to the traction
force, and a moment Mlc produced by an extension force Flc
of the lift cylinders 14a and 145, as shown in FIG. 13. Spe-
cifically, the magnitude of the lift force matches the magni-
tude of the reaction force to the lift force obtained by the
following formula (4).

Flr=MIr/(Lbxsin(45b+90°))=(Mlc-Mtr)/(Lbxsin(4b+

90°)) @

Lb is the length of the boom 6. Ab is the boom angle
described above. In this case, for the sake of simplicity, the lift
force is calculated having deemed that the reaction force Flr
of'the lift force and the reaction force Ftr of the traction force
act on the center P2 of rotational support of the boom 6 and the
bucket 7. However, the lift force can be more accurately
calculated by regarding the reaction force Flr of the lift force
and the reaction force Ftr of the traction force to act on the
position P3 of'the tip of the bucket 7 and giving consideration
to the rotational angle of the bucket 7.
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In the embodiment described above, the ratio of the trac-
tion force with respect to the lift force (=traction force/lift
force) is used as the excavation force ratio, but it is also
possible to use the ratio of the lift force with respect to the
traction force (=lift force/traction force). In this case, a. target
traction force is calculated so that the excavation force ratio
becomes greater than an execution threshold. In other words,
the traction force is reduced when the excavation force ratio is
less than the execution threshold. However, in this case, the
change in the execution threshold Ra with respect to the
operation amount of the boom operation member 83a is
opposite from the change shown in the embodiment described
above. In other words, the execution threshold Ra is increased
as the operation amount of the boom operation member 83a is
increased. Also, the execution threshold Ra is modified so as
to decrease as the height position of the bucket 7 is increased
in the case that the execution threshold Ra is modified in
accordance with the height position of the bucket 7 as
described above.

The embodiment described above has an effect in which it
is possible to improve fuel consumption and to inhibit a
reduction in ease of operation. Accordingly, the embodiment
described above is useful as a work vehicle and a work vehicle
control method.

The invention claimed is:

1. A work vehicle comprising:

a drive source;

a travel device configured to cause the work vehicle to

travel by drive force from the drive source;

a hydraulic pump driven by drive force from the drive

source;

a work implement driven by hydraulic fluid from the

hydraulic pump;

a traction force detector configured to detect traction force

of the work vehicle;

a lift force detector configured to detect a lift force for

raising the work implement; and

a controller configured to

calculate a ratio of the traction force detected by the
traction force detector with respect to the lift force
detected by the lift force detector, or a ratio of the lift
force detected by the lift force detector with respect to
the traction force detected by the traction force detec-
tor,

compare the calculated ratio to a prescribed threshold
value, and

execute traction force reduction control for reducing the
traction force upon a first execution condition being
satisfied, the first execution condition being satisfied
when the calculated ratio of the traction force with
respect to the lift force is larger than the predeter-
mined threshold value, or when the calculated ratio of
the lift force with respect to the traction force is
smaller than the predetermined threshold value.

2. The work vehicle according to claim 1, further compris-
ing:

awork implement operation member configured to operate

the work implement; and

a work implement operation detector configured to detect

an amount of operation of the work implement operation
member,

the controller being configured to change the predeter-

mined threshold in accordance with the amount of
operation of the work implement operation member.

3. The work vehicle according to claim 2, wherein

the predetermined threshold is set so that the traction force

decreases in correspondence with an increase in the
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amount of operation of the work implement operation
member for raising the work implement.
4. The work vehicle according to claim 1, further compris-
ing
a work implement attitude detector configured to detect an
attitude of the work implement,
the controller being configured to change the predeter-
mined threshold in accordance with the attitude of the
work implement.
5. The work vehicle according to claim 4, wherein
the work implement attitude detector is configured to
detect a height position of the work implement; and
the predetermined threshold is set so that the traction force
increases in correspondence with an increase in the
height position of the work implement.
6. The work vehicle according to claim 1, wherein
the controller is configured to determine whether a work
phase of the work vehicle is excavation from a state of
actuation of the travel device and the work implement;
and
the controller is configured to execute the traction force
reduction control upon the first execution condition and
a second execution condition being satisfied, the second
execution condition being satisfied when the work phase
of the work vehicle is determined to be excavation.
7. The work vehicle according to claim 1, further compris-
ing:
an accelerator operation member operated by an operator;
and
an accelerator operation detector configured to detect an
amount of operation of the accelerator operation mem-
ber,
the controller being configured not to execute the fraction
force reduction control when the amount of operation of
the accelerator operation member is less than a prede-
termined operation amount threshold.
8. The work vehicle according to claim 1, further compris-
ing
a vehicle speed detector configured to detect a vehicle
speed,
the controller being configured not to execute the traction
force reduction control when the vehicle speed is greater
than a predetermined speed threshold.
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9. The work vehicle according to claim 1, further compris-
ing

a height position detector configured to detect a height

position of the work implement,

the controller being configured not to execute the traction

force reduction control when the height position of the
work implement is greater than a predetermined height
threshold.

10. The work vehicle according to claim 1, wherein

the controller is configured to determine whether the

hydraulic pump is in a stalled state, and, when the first
execution condition and the second execution condition
are satisfied, to reduce the traction force so that the
traction force assumes a fixed target value that is less
than a target value for when the traction force is not
reduced.

11. The work vehicle according to claim 1, wherein

the controller is configured to determine whether the

hydraulic pump is in a stalled state, and not to reduce the
traction force when the hydraulic pump is not in the
stalled state and the work implement operation member
is in a non-operation state.

12. A method for controlling a work vehicle including a
drive source, a travel device for causing the work vehicle to
travel by a drive force from the drive source, a hydraulic pump
driven by the drive force from the drive source, and a work
implement driven by hydraulic fluid from the hydraulic
pump, the method comprising:

detecting traction force of the work vehicle;

detecting a lift force for raising the work implement;

calculating a ratio of the traction force with respect to the

lift force, or a ratio of the lift force with respect to the
traction force;

comparing the calculated ratio to a prescribed threshold

value; and

executing traction force reduction control for reducing

traction force when the ratio of the traction force with
respect to the lift force is larger than the predetermined
threshold value or the ratio of the lift force with respect
to the traction force is smaller than the predetermined
threshold value.



